Background: New methods to enhance colorectal cancer (CRC) screening rates are needed. The web offers novel possibilities to educate patients and to improve health behaviors, such as cancer screening. Evidence supports the efficacy of health communications that are targeted and tailored to improve the uptake of recommendations.
C
OLORECTAL CANCER (CRC) is the second leading cause of cancer death in the United States. 1 However, less than 60% of the average-risk population currently adheres to CRC screening recommendations. 2 Healthy People 2020 endorses efforts to enhance screening participation. 3 To date, most educational intervention studies have used written materials, although videos, computer programs, and group education sessions are described. 4 Although such methods are modestly effective (typically 10%-20% absolute effect relative to no intervention), electronic communication capitalizing on the proliferation of web-based applications has the potential to improve message delivery. Although some web-based approaches have been successful in modifying health behaviors, 5 many have been complex and costly, limiting dissemination. 6 Few electronic intervention studies focus on cancer prevention and screening. [7] [8] [9] We conducted a prospective randomized controlled trial comparing the effect on CRC screening of health communications delivered via web or print channels. A usual care arm was included to control for secular screening trends. This design permits a comparison of the communication channels to each other and to a control. Both interventions contained identical educational content. We studied women at average risk for CRC not adherent with screening recommendations. Potential participants were approached at See Invited Commentary at end of article a routine obstetrics and gynecology visit. This visit represented an opportunity to link CRC risk-related attitudes and behavior with extant breast and cervical cancer risk perceptions and screening behaviors, including mammogram and Papanicolaou smear. Accumulating evidence supports the efficacy of health communications targeted to group level and tailored to individual factors. 10 For this project, we used the Cognitive Social Information Processing (C-SHIP) model to develop tailored health communications. 11 According to C-SHIP, individuals are characterized by 2 distinct attentional styles: high monitoring (information seeking) vs low monitoring (information distracting). Each style is associated with different but stable emotional, behavioral, and cognitive reactions to stressors at cognitiveaffective and decision-making levels. 12 Under threat, these attentional styles appear to mediate behavior (eg, uptake of or adherence to screening); therefore, they may have important implications for the content and amount of information in health communications. 10, 13 Participants randomized to the web or print arms were assigned with equal likelihood to receive communications reflecting high-or low-monitoring C-SHIP content. The participant's attentional style was measured at study entry, allowing a test of the hypothesis that concordance between attentional style and tailored communication form would result in greater screening uptake.
METHODS
Study participants for this institutional review board-approved trial were drawn from the obstetrics and gynecology practices at Geisinger Health System, Danville, Pennsylvania, and Emory University, Atlanta, Georgia. We searched each institution's scheduling database for routine appointments 4 to 6 weeks in advance, applying electronic filters matching eligibility requirements. Eligibility criteria included the following: (1) female sex; (2) age of 50 years or older; (3) average risk for CRC defined as no personal history of colorectal polyps or adenocarcinoma, inflammatory bowel disease, or CRC in more than 1 first-degree relative; (4) nonadherence with CRC screening recommendations at the time of index appointment (meaning no at-home fecal occult blood test in the past 12 months and no barium enema, flexible sigmoidoscopy, or colonoscopy in the past 5 years); and (5) web access at home and/or work.
We telephoned potential participants before their index appointment to confirm eligibility and to obtain consent. As previously described, 14 all participants completed by telephone a baseline survey containing demographic items; medical history information, including mammography; and a series of psychometric scales, including one assessing C-SHIP attentional style. 11 Participants also responded to items regarding their knowledge and expectations about CRC screening and their intention to screen.
After survey completion, participants were randomized to 1 of 5 arms: an intervention arm with web or print interventions and either high-or low-monitoring attentional style information (4 possible intervention arms) or control. The educational content of the interventions was identical, covering essential information about CRC screening, including rationale; description of available techniques (fecal immunochemical test or fecal occult blood test, flexible sigmoidoscopy, barium enema, or colonoscopy); benefits, risk, and timing of each technique; and information about where to look for additional resources about CRC and screening (eg, the American Cancer Society). Two versions of each intervention were prepared: one tailored to high-monitoring and one to low-monitoring attentional style. The high-monitoring version was lengthier and contained extensively detailed messages pertaining to CRC risk status. Descriptions of CRC screening methods were more substantial and the benefits of adherence to preventive behaviors were emphasized. All messages were positively framed to underline the potential for gain. In contrast, the lowmonitoring version was briefer, was less detailed, and included messages that were negatively framed to highlight the costs to health if recommended behaviors were not pursued.
The development of the web intervention included a systematic approach to pretesting messages, layout, and usability. We pretested the website on 50 eligible women not enrolled in this study. The website was refined before study initiation to establish literacy level (seventh grade). On the basis of pretesting, we anticipated that website review would require approximately 5 to 7 minutes.
14 Our goal was to develop a simple, visually appealing website that did not require highspeed Internet connections or powerful computing capabilities to load and function adequately.
After completing the baseline survey, web participants received instruction on how to acquire credentials to access the study website. Study materials were placed securely on the Fox Chase Cancer Center web portal. After logging on, participants could view the website from any location as often and as long as they wished. Web participants also received a follow-up letter by standard post containing a review of web use instructions and username and password information.
Participants were contacted to complete telephone surveys 4 and 12 months after randomization. Up to 15 attempts were made to collect information about use of print or web materials. In addition to querying self-reported use of intervention materials, we electronically tracked web use by participants. We collected information about if, when, and how often each participant accessed the study website and how much time was spent viewing information.
14 Uptake of CRC screening was calculated based on electronic and hand review of participant medical records. Electronic reviews were conducted first, searching for completion date of any sanctioned CRC screening test. If the online review was unrevealing, paper records were then reviewed to look for reports not recorded electronically. Because of the potential delay in scheduling tests or recording test results, screening rates were calculated at 4 and 12 months relative to study entry.
A target sample size of 1200 participants was selected to allow the detection of a clinically relevant 10-percentage-point absolute difference between intervention groups in the proportion of participants using CRC screening (80% power, 2-sided comparison-wise P=.05). However, a planned interim analysis performed by the study's data and safety monitoring board revealed that the effect of the study interventions was smaller than hypothesized. Because further enrollment was unlikely to yield tangible benefit, the data and safety monitoring board mandated that enrollment be discontinued.
We used intent-to-treat analysis using the randomized groups without adjustment for self-reported or actual use of print or web materials. Participants who missed their index appointment, were screened before the index appointment (based on later record review), or did not have a record review were excluded from the analyses. Baseline characteristics by randomization arms were compared using 2 tests. To compare screening rates by communication channel, we used Fisher exact tests to compare CRC screening rates across the 5 study arms, separately for screening by 4 months and 12 months. Wealsolookedatscreeningratesbycommunicationchannel,where we combined the high-and low-monitoring participants within the print and web arms and then compared print, web, and control groups using the Fisher exact tests. We examined the influence of demographic characteristics, medical history, CRC-related knowledge, and motivational readiness on CRC screening uptake using 2 tests or Fisher exact tests. Trend was assessed with the Cochran-Armitage test for predictors with ordered categories. The interaction of communication channel and baseline characteristics on CRC screening was evaluated using 2 tests for the selected characteristic. Agreement of self-reported and actual web use was evaluated using the McNemar test.
Participants were identified as having high-or lowmonitoring attentional styles from their baseline C-SHIP score. They were classified as being matched or mismatched to the intervention attentional style based on the concordance of their attentional style and randomization arm. For example, a highmonitor participant would be classified as a match if she were randomized to either the print high-monitoring or web highmonitoring arm. The effect of receiving an intervention tailored to attentional style was assessed by comparing the screening rates for those matched vs mismatched using 2 tests, within the print and web arms. In these analyses, control arm participants were excluded.
RESULTS
A total of 904 women were randomized to participate in the study (Figure) . This number represented 26.7% of eligible women successfully contacted in advance of the index appointment.
For the primary end point of CRC screening uptake within 4 months of enrollment, 865 women were included for analysis. Thirty-nine women were not included: 5 because they did not present for their index visit, 10 because they underwent colonoscopy within the previous 5 years, and 24 because no record was available to determine screening status. Baseline demographic and selected medical history information is presented in Table 1 . Most participants were white, 59 years or younger, and married and had at least some college education. For those providing an answer, the range of annual incomes was broad. Across study arms, no significant differences were found in age, race, marital status, educational level, employment status, or income. Regardless of the randomization arm, participants were similar in terms of previous cancer history. Mammography use was similar across groups. A total of 96.1% of participants reported ever having a mammogram (data not shown), with 73.0% reporting having a mammogram within the past year. Table 2 indicates that CRC screening rates at 4 months were similar across intervention arms (12.3%). Colonoscopy was preferred, with 75.5% of those screened using this method. However, no difference was found in screening use by intervention arm. We also looked at screening rates at 12 months because of concern about long wait times for screening colonoscopy in some locales ( Table 3) . Although screening rates were higher (21.0% at 12 months vs 12.3% at 4 months), when stratified by intervention, no differences were seen for control vs print or web or for web vs print. Attentional style had no effect on screening outcome at either time point (Tables 2 and 3) . Because no effect was seen by intervention, we collapsed the study groups to identify whether any participant factors were associated with greater screening at 4 or 12 months ( Table 4) . A significant, positive relationship was found between increasing income and likelihood of screening (P = .03 at 4 months and P Ͻ .001 at 12 months). Stage of change at baseline tended to predict subsequent actual screening participation. Those participants who stated they planned screening within the next 1 to 6 months were more likely to pursue it than participants who had no plan or were not thinking about it (P Ͻ .001). Participants whose baseline knowledge about screening was greater demonstrated a strong trend toward more screening at 4 months than those with lower knowledge scores (P = .054). Finally, midway through study enrollment, we added a baseline question asking whether the participant's physician had recommended screening. For the 499 participants who answered, those who said yes (53.3%) were 1.4 times more likely to be screened at 4 months (P Ͻ .001).
Attentional style was characterized as either high monitoring or low monitoring. 13 When dichotomized around the C-SHIP score, 47.6% of participants were in the high-monitoring group and 52.4% were in the low-monitoring group (data not shown). Regardless of the score, participants were randomly assigned to one of the intervention arms or to the control group. Table 5 gives the screening rates stratified by attentional style match or mismatch. There was no apparent moderating interaction between attentional style and the receipt of concordant or discordant tailored information.
As previously reported, self-reported and actual use of the web was low in this study.
14 Of 345 women randomized to the web intervention, we could not contact 105 (30.4%) to complete the 4-month follow-up survey, which included items about web use. Thirty-one participants were excluded because of miscellaneous technical problems leading to an inability to access the website or missing survey data. The remaining 201 participants had screening results ( Table 6) . Their demographics and other characteristics were similar to the entire cohort. On the basis of tracking data, 49 (24.4%) actually logged onto the website, whereas 33 (16.4%) recalled and then reported using the web intervention. These values are similar to a previous report. 14 The results of CRC screening in the self-report and actual use groups are given inTable 6. Screening rates at 4 months were similar between those who logged onto the web (12.2%) and those who did not (11.2%). In addition, screening rates in either group were similar to the control group. For the self-report group, screening rates were also similar regardless of reporting (15.2%) or not reporting web use (10.7%). 
COMMENT
This prospective study compared the effect of tailored information, delivered through print or web-based communications, on CRC screening uptake in average-risk women. At the 4-month end point, screening rates of approximately 12% in the 2 intervention arms were not significantly different from each other or from the control group. Furthermore, no moderating effect was seen for participants characterized as having high-vs lowmonitoring attentional styles. The Internet is widely viewed as an important channel of health communication. 15 Nearly 75% of adults in the United States use the Internet, and more than 60% use it to obtain health information. 16 Recent results from the National Health Information Survey found that 51% of adults (58% women and 43% men) used the Internet in the preceding 12 months to seek health information. 17 This broad diffusion of Internet access suggests a method to remedy health knowledge and information gaps and to facilitate healthy behaviors, such as periodic cancer screening. A recent meta-analysis of studies comparing behavioral change outcomes after web-based or nonweb-based interventions concluded that knowledge improvement and clinical target outcomes were greater with web-based interventions, although study heterogeneity precluded a precise effect size estimate. 15 Our report is one of the few web-based studies of cancer screening behavior change in average-risk populations. Chan and Vernon 18 published a feasibility study of 97 participants who received an e-mail invitation to access a website displaying video decision aids about CRC screening. Website use was limited based on electronic tracking, and no data about effect on screening uptake were reported.
The absence of effect on screening use is disappointing. Inexpensive, easily disseminated mechanisms to increase screening uptake are needed. Study participants were regular users of mammography for breast cancer screening. Exposure to study interventions increased knowledge about CRC and CRC screening, suggesting that the content effectively remedied knowledge gaps.
14 Although individuals willingly participated in a study exploring the effect of web-based interventions, a precondition of which was web access, only approximately 25% actually logged on. It is premature to conclude that web- based interventions are ineffective. However, it can be confidently predicted that future interventions will need to be coupled with aggressive efforts to facilitate and verify use of the website because spontaneous uptake was limited in this average-risk population.
A recent National Institutes of Health State of the Science Conference on CRC screening emphasized research on the effectiveness of tailoring to meet specific population needs. 19 In our study, we examined the role of tailoring to attentional preferences for cancer riskrelated information. Delivering information matched or mismatched to attentional style had no effect on screening uptake. Leveraging attentional preferences has proved effective in some clinical settings, particularly screening in higher-risk groups, such as women with BRCA mutations or individuals at risk for Lynch syndrome-related CRC and other cancers. [20] [21] [22] However, little is known about average-risk groups or how change in behavior instead of change in affect can be elicited. If our results are duplicated, especially when exposure to the intervention is more widespread, they suggest that attentional status is not a powerful tailoring force in all settings.
The limited rates of actual web use may provide insight into the modest effects on screening rates after exposure to print interventions. Unlike the web, the ability to objectively track attendance to, and use of, print media is not available. Print interventions have not typically resulted in substantial increases in screening rates. One explanation is that some interventions were neither targeted nor tailored to the recipient. Our negative results suggest that an additional contributor may simply be lack of attention to the intervention materials.
This study has several limitations. All participants were women. Although data are conflicting about whether women use the Internet differently than men, no conclusions can be drawn about this intervention's effect in a male population. We specifically limited our participants to persons overdue, at study entry, to receive standard CRC screening. Although 39.9% of study participants were 55 years or older, it is impossible to know which participants would have screened spontaneously in the future. In addition, current colonoscopy screening guidelines advocate a 10-year interval between normal study results; therefore, some participants may have been misclassified as nonadherent if more than 5 but less than 10 years had elapsed. Finally, we opted to take a "low-tech" approach by constructing a website that required modest computing power to load. Although this decision may have reduced inattention because of slow website function, future interventions may need to contain additional components to engage website entrance.
Despite its potential advantages, our results suggest that the web-based efforts to promote screening do not represent a guaranteed improvement over other methods. This large randomized trial failed to demonstrate that communication channel or information tailored to attentional style had a significant influence on screening uptake. Although knowledge levels increased, screening rates did not, casting some doubt on the effectiveness of simple web interventions as a tool to alter screening behavior. Future efforts, regardless of communication channel, must combine appropriate content and appealing interfaces with new strategies to increase engagement. Passive diffusion is unlikely to render web-based interventions any more effective than nonelectronic predecessors. 
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Increasing Colorectal Cancer Screening Adherence
It's Going to Take More Than a Website C olorectal cancer (CRC) is the second leading cause of cancer deaths in the United States. Furthermore, it is preventable with routine screening that reduces the incidence of and mortality from CRC.
Nearly all authoritative groups endorse CRC screening, yet more than 40% of the population remains unscreened. 1 Although much effort has been invested in trying to improve rates of CRC screening, the overall effect of individual strategies at the patient, physician, or system level has been relatively modest to date. In particular, web-based approaches have been viewed as having tremendous promise for increasing participation, but to date there has been little supporting evidence.
To this end, Weinberg et al 2 report in this issue of the journal a trial of 904 average-risk women 50 years or older not previously screened for CRC who were randomized to receive education materials via web-based communication, mailed print communication, or usual care. Disappointingly, even after factoring in attentional style to better target individual learning styles, the primary end point (completion of any CRC screening test, including stool based, flexible sigmoidoscopy, colonoscopy, and barium enema) was no different among the groups. One
